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Classification of 10 meteorites from Hami in Xinjiang: Petrology and mineralogy 
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Abstract: In addition to the Antarctic, desert is the main source of meteorites. China has a vast desert area which 
provides favorable geographical conditions for collection of meteorites. In total 46 meteorite samples were found 
and collected in Kumtag, Xinjiang in May 2013, and this is the first time for organized meteorites hunting in desert 
conducted by specialists. Three meteoritic concentration areas were ascertained in our search scope: Hami, Alatage 
Mountain (AM) and Kumtag. In this study, 10 representative meteorites were selected from these three areas, and 
were classified in terms of chemical group, petrographic type, shock stage and weathering scale based on their 
petrography and mineral chemistry. These ten desert meteorites were found to be all ordinary chondrite meteorites. 
Among them Kumtag014 (Fa 9.1~48.3, PMD 51.0; Fs 2.8~30.3, PMD 54.2) is an unequilibrated ordinary 
chondrite, belonging to L3.4 group, while the other nine equilibrated ordinary chondrites belong to type 5, 
covering L groups (Fa 22.6~25.9, Fs 17.6~21.4) for 7 samples and H groups (Fa 18.2~20.8, Fs 16.0~17.8) for 2 
samples. The shock metamorphic stages for most chondrites are generally low: five being S3, four S2 and one S1. 
The weathering degrees for these chondrites are mostly limited: W1 for three of them, W2 for six and only one for 
W3. 
Key words: desert meteorites; classification; petrography; mineral chemistry 
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????????? 4 ???[2], ???????
????????, ????????? 25%??
?????, ? 70%???????[3]?1989 ??
??????????????????????
???, ????????? 1990?1991????
????????????????????? , 
????[4]????????????[5–6]????
??[7]???????????[8]????????
?[9]????????????????????
?????????, ????????????
???????? 
?????????????, ??????
??????????????????????
???????????, ??????????
??????????2008 ?, ????????
????????????????, ?? 2009??
???????????(Kumtag), ?? H5 ?[10]?
2013? 5?, ?????????????????
??????????????????????
??????????????????????
???????????????????, ??
??????????????????????
? 46?????, ??? 3???-????: L3.4?
L5? H5, ????????????: Kumtag014?
AM001―AM042 ? Hami003―Hami005?????
? 4????(???????)?????, ???
??? 3 ?????? : Alatage Mountain(?)?
Hami(???)? Kumtag(?)??????????
??????????, ???????????
???????????????, ??????
???????????, ??????????
??????????????????????
??, ???????????????????
????, ???????????, ?????
??????????? 
???????????, ????????
????????[11]?????????????
??????, ???????????????
??????????????, ???????
??????????????????????
??????????????????????
??????????????????????
??? 10??????????????????
??????, ?????(??????????
??)???????, ????????????
?????? 
1 ??????? 
????? 10?????????? AM007?
AM008?AM011?AM015?AM020?AM027?Hami003?
Hami004?Kumtag014 ? Hami005?? 10 ???
? , AM008?AM015 ? AM027 ???? , ???
?????AM007?AM015?Hami003?Hami004
? Kumtag014 ?????? , AM011 ? Hami005
?????? , AM008 ?????? , AM020 ?
AM027 ???????10 ??????????
??? , ??????????????????
??? 1?  
 
表 1 10 块沙漠陨石的手标本信息 
Table 1  Sample information for the ten desert meteorites from Hami, Xinjiang 
???? 
?? ? ? ???? 
??(N) ??(E) 
?? ??(g) ? ? 
1 AM007 130501007 41°41'13.0" 92°56'19.4" ???? 91 ?????? 
2 AM008 130501008 41°41'13.8" 92°56'19.3" ???? 19 ?????? 
3 AM011 130501011 41°41'14.1" 92°56'18.5" ??? 7 ?????? 
4 AM015 130501015 41°41'13.3" 92°56'16.0" ???? 83 ?????? 
5 AM020 130501021 41°41'16.0" 92°56'16.4" ???? 10 ?????? 
6 AM027 130501028 41°41'28.9" 92°56'24.1" ???? 17 ?????? 
7 Hami003 130504044 42°02'46.2" 93°53'14.5" ???? 152 ?????? 
8 Hami004 130504045 42°02'42.4" 93°53'2.47" ???? 99 ?????? 
9 Kumtag014 130505046 41°51'30.4" 93°13'36.3" ???? 693 ?????? 
10 Hami005 130506047 42°09'08.5" 93°26'2.06" ??? 411 ?????? 
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??????????????(SYJ-160)???
?, ?????????????, ????????
???????????????(OLYMPUS-BX51)
???????, ????????????????
????????????????????????
???????????????????????
????????????(JEOL 8100)??, ???
????????????????(JEOL 8230)??, 
???? 15 kV??? 20 nA, ??????????
? , ???????????????????
ZAF(??????????????)???? 
2 ???? 
2.1 ????? 
Kumtag014 ???????? 70% (????, 
??); ????, ???????; ????, ?
?????? , ??????????????
(? 1); ???? , ?????? 3.2 mm, ???
? 0.1 mm, ?????? μm?????????
?????, ????????, ???????, 
??????????????????????
????????, ?????????????
???????????, ?? 3.2%(????)?
??? 3?????: Fe-Ni??????????
???????(100~700 μm); Fe-Ni??????
?????(10~40 μm)????????; ???
Fe-Ni????????????????????
?? Fe-Ni???????????? 
AM007(? 2a)?AM008?AM011?AM015?
AM020?AM027? Hami004? 7????????
???, ??????????, ???????
??????, ??????????????, ? 
 
? 1 Kumtag014?????? 
Fig.1 Microscopic characteristics for chondrules in Kumtag014 meteorite 
?????(BSE)???(a)????, ????, ???????PO–???????; PP–??????; BO–????????; RP–???
????; POP–??????????(b)PO–???????, ??????????, ?????? Mg ????, Fe????; (c) BO–?
????????(d) RP–??????? 
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? 2 5?????????? 
Fig.2 Characteristics of chondrules in type 5 ordinary meteorite from Hami, Xinjiang 
?????(BSE)???(a)AM007(L5?)?(b)Hami003(H5?), ????, ??????? 
 
??????? 1 mm????????, ????
??????????????????????
??????????7 ???????????
?(????)??? 4.2%?4.5%?5.2%?5.1%?4.6%?
4.2%? 6.5%?AM007?AM008? AM011????
?????? ; AM015?AM020?AM027 ??
Hami004 ??????? , ?????????
Hami004 ????????? Fe-Ni ???? ; 
AM007?AM008?AM011?AM015 ? AM020 ??
?? Fe-Ni ????????; AM027 ?????
?????, ?? Fe-Ni????????? 
Hami003(? 2b)? Hami005 ????????
???, ??????????, ???????
??????????????????, ???
???, ?????????????????? 7
??? , ?????????????????
8.5%? 9.2%(????), Hami003 ???????
? Fe-Ni ?????? , ??????????
Fe-Ni????; Hami005? Hami003??????
???, ?? Fe-Ni????????? 
2.2 ???????? 
10???????????????????
??????????????????, ???
??? 2?? 3? 
Kumtag014 ??????????????
???? , ??? Fa ???? Fs ???????
??????????? , ?????????
???????????????? (? 1b), ?
???????? Mg, ??? Fe(? 3), ???
? Fa ?? 9.1, ??? Fa ????? 33.59???
????? , ???? Fa ???????
9.1~48.3?? , ???? 25.0, ? PMD?? 51.0?
??????????? , ? Fs ???????
2.8~30.3 ?? , ??? 17.6, PMD ? 54.2????
Co ??(%)????? 0.81~2.0 ?? , ????
1.1, PMD ? 38.0?  
AM007?AM008?AM011?AM015?AM020  
 
? 3 Kumtag014?????????? 
FeO-MgO???? 
Fig.3  Cross section of an olivine grain in Kumtag014 showing FeO 
and MgO variations 
??? FeO????????????, MgO?????????
???, ???????? 
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表 2 10 块沙漠陨石代表性橄榄石和低钙辉石的电子探针分析结果(%) 
Table 2 Composition of olivine and low-Ca pyroxene in 10 desert meteorites from Hami, Xinjiang as analysed by electron microprobe 
? ? ?? ??(n) SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O NiO P2O5 ZnO V2O3 Total Fa,Fs
??? 6 37.7 0.02 0.09 0.60 22.0 0.45 38.4 0.06 0.04 0.01 0.17 0.03 0.06 0.02 99.6 24.1
AM007 
?? 7 56.1 0.07 0.16 0.12 13.5 0.45 28.5 0.79 0.02 0.01 0.25 0.01 0.03 0.02 99.8 20.5
??? 8 38.0 0.04 0.03 0.04 22.3 0.47 38.3 0.02 0.03 0.01 0.14 0.04 0.03 0.01 99.3 24.5
AM008 
?? 8 56.1 0.12 0.21 0.21 13.2 0.47 28.2 0.84 0.05 0.02 0.12 0.01 0.02 0.01 99.5 20.4
??? 8 37.8 0.05 0.01 0.05 22.1 0.47 39.0 0.03 0.03 0.01 0.06 0.03 0.02 0.01 99.5 23.9
AM011 
?? 7 55.4 0.08 0.17 0.21 13.4 0.46 28.7 0.96 0.06 0.02 0.12 0.04 0.03 0.01 99.5 20.2
??? 8 37.2 0.02 0.01 0.04 22.4 0.47 39.1 0.04 0.01 0.01 0.30 0.02 0.03 0.01 99.7 24.1
AM015 
?? 8 55.7 0.08 0.16 0.14 13.4 0.48 28.7 0.91 0.04 0.01 0.19 0.03 0.03 0.01 99.9 20.3
??? 8 37.7 0.02 0.01 0.04 22.5 0.47 38.4 0.05 0.03 0.01 0.16 0.05 0.04 0.02 99.5 24.5
AM020 
?? 8 56.0 0.09 0.14 0.13 13.4 0.50 28.2 0.92 0.03 0.02 0.14 0.01 0.03 - 99.4 20.6
??? 8 38.2 0.02 0.01 0.12 22.2 0.46 38.4 0.04 0.02 0.01 0.32 0.03 0.04 - 99.9 24.3
AM027 
?? 8 55.5 0.07 0.19 0.20 13.3 0.49 28.2 0.83 0.04 0.01 0.24 0.01 0.03 0.01 99.1 20.4
??? 8 39.1 0.04 0.02 0.01 17.6 0.44 42.3 0.02 0.04 0.01 0.47 0.04 0.03 0.01 100 18.8
Hami003 
?? 8 56.2 0.10 0.19 0.20 11.0 0.51 30.5 0.61 0.04 0.01 0.26 0.02 0.04 0.02 99.6 16.5
??? 8 38.4 0.02 0.02 0.04 21.4 0.47 39.5 0.00 0.03 0.01 0.82 0.02 0.04 0.02 99.3 23.1
Hami004 
?? 8 56.3 0.04 0.27 0.25 12.2 0.40 29.7 0.44 0.04 0.02 0.09 0.02 0.04 0.01 99.6 18.5
??? 8 38.8 0.02 0.04 0.07 17.9 0.46 41.9 0.00 0.05 0.02 0.48 0.02 0.04 0.02 99.5 19.2
Hami005 
?? 8 56.5 0.09 0.16 0.14 11.3 0.49 30.0 0.80 0.03 0.00 0.15 0.01 0.03 0.01 99.7 17.0
??? 23 39.1 0.04 0.01  0.07 18.1 0.36 41.2 0.08 0.00 0.01 0.26 - - 0.01  99.3 25.0
Kumtag014 
?? 10 56.1 0.04 0.33  0.67 12.7 0.40 29.3 0.18 0.08 0.02 0.44 0.01  - -  99.2 17.6
???-?????????? 
 
表 3 8 块沙漠陨石代表性铁纹石的电子探针分析结果(%) 
Table 3 Composition of kamacite in 8 desert meteorites from Hami, Xinjiang as analysed by electron microprobe (%) 
? ? ??(n) P S Co Ni Si Cr Fe Cu Total 
AM008 5 0.01 0.01 0.67 14.9 0.22 0.04 84.1 0.05 100 
AM011 6 0.01 0.02 0.71 14.0 0.06 0.07 85.1 0.04 100 
AM015 2 0.01 0.01 0.80 14.7 0.05 0.01 84.0 0.02 100 
AM020 5 0.02 0.02 0.65 13.4 0.03 0.04 85.8 0.04 100 
Hami003 10 0.01 0.01 0.52 6.20 0.02 0.01 93.2 0.01 100 
Hami004 6 0.01 0.01 0.70 6.10 0.03 0.02 93.1 0.01 100 
Kumtag014 7 0.02 0.01 1.10 9.80 0.02 0.03 88.9 0.02 100 
Hami005 5 0.01 0.01 0.50 6.30 0.01 0.02 93.1 0.01 100 
 
? AM027 ????????????? Fa ???
? 23.9~24.5 ??, PMD ? 1.0~3.4 ??; ????
Fs ???? 20.2~20.6 ??, PMD ? 1.6~3.2 ??; 
AM008?AM011?AM015 ? AM020 ??? Co ?
?(%)??? 0.65~0.80??, PMD? 8.0~15.4??? 
Hami004 ???? Fa ?? 23.1(22.6~24.2), 
PMD ? 2.4?????? Fs ?? 18.5(17.6~19.6), 
PMD ? 4.2???? Co ??(%)? 0.70(0.59~0.79), 
PMD? 11.8? 
Hami003? Hami005???????????
?? Fa??????? 18.2~20.8; ?? Fa???
? 18.8 ? 19.2; PMD ??? 2.0 ? 3.2?????
Fs??????? 16.0~17.8, ?? Fs???? 16.5
? 17.0, PMD??? 3.5? 1.0???? Co??(%)
????? 0.31~0.62, ?????? 0.52 ? 0.50, 
PMD??? 10.1? 6.1? 
3 10??????-?????? 
????????????? Van Schmus et 
al.[12]?????-?????????? , ???
??????????????[13–16]??????
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??????? , ?????? Fa ? (H ?
16.9~20.4?L? 21.0~26.0?LL? 26.6~33.0)???
? Fs ?(H ? 15.7~18.1?L ? 18.7~22.6?LL ?
23.2~25.8)????? Co ??(H ? 0.4~0.5?L ?
0.6~1.1?LL? 1.5~3.0)?Van Schmus et al.[12]???
?????????(?????????????
???????????????????)???
???????????? 3―7???? 3???
????? , ??????????????? , 
????????????, ?????????
?????????????[17–18]???????
?????????????, ????????
????????????????????, ?
?? 4―7????????????????, ?
???? 10???????? H5??L5?? L3.4
?(? 4)? 
 
3.1 L3??????? 
Kumtag ???? Kumtag014 ???????
?, ???? Fa??????? Fs???????
?? Fa???? 25.0, ?? L ????(? 4a); ?
?? Fs???? 17.6, ?? H????, ????
?????????????????, ????
???? FeO ??????????????[19]; 
??? Co?????? 1.1, ??? L????(?
4b), ????? Co ?????????? Fe ?
Mg ?, ??????????????????
????, ???????????, ?????
???? Co????????????, Kumtag014
??????????? 3.2%, ? L??????
??????[20], ??????, Kumtag014 ??
?? L?? 
 
表 4 10 块沙漠陨石的岩石学和矿物学特征 
Table 4 Petrography and mineral chemistry characteristics of 10 desert meteorites from Hami, Xinjiang 
??? ?? ? ? ?? ?????
(%) 
?? 
?? ?? ?? Fa PMD ?? Fs PMD 
???? ????
Hami003 8.5 ??? ????? 18.8 2.0 16.5 3.5 S3 W1 
Hami005 
H5 
9.2 ??? ????? 19.2 3.2 17.0 1.0 S3 W2 
AM007 4.2 ??? ????? 24.1 1.0 20.5 2.0 S3 W2 
AM008 4.5 ??? ????? 24.5 3.3 20.4 2.4 S3 W2 
AM011 5.2 ??? ????? 23.9 1.6 20.2 1.6 S3 W2 
AM015 5.1 ??? ????? 24.1 2.3 20.3 3.2 S2 W2 
AM020 4.6 ??? ????? 24.5 1.8 20.6 2.0 S2 W2 
AM027 
L5 
4.2 ??? ????? 24.3 3.4 20.4 3.2 S2 W3 
Hami004  6.5 ??? ????? 23.1 2.4 18.5 4.2 S2 W1 
Kumtag014 L3.4 3.2 ???? ???? 25.0 51.0 17.6 54.2 S1 W1 
?: Fa? Fs??????????????????????, PMD???????? 
 
? 4 ????????? 
Fig.4 Classification diagram for ordinary chondrite groups from Hami, Xinjiang 
(a)10?????? Fs-??? Fa???????; (b)8??????? Co??-??? Fa??????? 
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Kumtag014 ????????, ????, ?
????? 10??????????? 1? 3??
??? 1b??????, ???????????
???, ??????????????????
????????????????????, ?
???????????????, ??, ???
???????????????, ??????
??????????, ??? 3 ???????
??????????????????????
???????, ????(??? 3 ?????)
???????????, ??????????
???????????3 ??????????
????????, ?????????????
??? , ?????????????????
Sears et al.[21]?????(TL)???? 3 ????
????, ?????? 3.0―3.9? 10?????
?, ????? Fa ?? PMD????? Fs ??
PMD????? Co??? PMD????????
???????????(? Fe ????????
?????Co??????????, ?????
???)?Sears et al.[22]???? Fa? PMD???
???????, ?? 5?Kumtag014??????
Fa? PMD? 51.0(3.4?: PMD? 50~60??); ?
???????????, Fs? PMD??????
????, ??, Sears et al.[22]?????????
??????? Fs?? PMD???, ??? Sears et 
al.[22]??????????? , Kumtag014 ??
PMD(Fs)??? 3.0―3.4 ???, ???????
???????????, ??????? Fs??
PMD ??????????????????[23], 
?????? 3.4???????, Grossman et al.[24]
??, ????? 3.2 ???, ???? Cr2O3??
???? 0.2, ??????? 0.1?Kumtag014 ?
?????Cr2O3????? 0.07, ????? 0.08, 
??????? 3.3 ???????????
Kumtag014???????? 3.4?? 
3.2 L5??????? 
?? 4???, ?? Kumtag014?, L????
???? 7 ?, ?? AM007?AM008?AM011?
AM015?AM020?AM027 ? Hami004, ????
Alatage Mountain(AM)? Hami????? 7???
???, ? Hami004 ?, ?? 6 ???????? 
 
? 5 3???????????(? Sears et al.[22]) 
Fig.5 Classification of subtypes for type 3 unequilibrated ordinary 
chondrites based on PMD of Fa 
 
? Fa ?? 23.9~24.5 ??, ????? Fs ??
20.2~20.6 ??, ?? L ????; ???????
? 4.2~5.2??, ??? L?????Hami004??
????? Fs?(18.46)??? L???, ????
? Fa?? 23.1, ?? L????, ???????
??? 6.5, ?? L ????? AM007 ? AM027
??????? Fe-Ni????????????, 
??????????????, ???????
????, ????????????? Co ??
????AM008?AM011?AM015?AM020 ?
Hami004? 5?????? Co??(%)?????
0.65~0.80??, ? L???????????, ?
? 7?????? L??7??????????
?????, PMD ??? 1.0~3.4 ? 1.6~4.2 ??, 
??? 5, ?????????????, ???
???????????, ??????????
?? 5?? 
3.3 H5??????? 
Hami ???? Hami003 ? Hami005 ????
?????? Fa???? 18.8? 19.2, ?????
Fs???? 16.5? 17.0, ? H????; ??? Co
??(%)??????? 0.52 ? 0.50, ? H ???
?; ?????????? 8.5%? 9.2%, ? H??
???????????????? H?????
??????(PMD ??? 2.0 ? 3.2)???(PMD
??? 3.5? 1.0)????, PMD??? 5, ???
??????????, ???????, ???
????????? 5?? 
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4 ?????? 
????????????????, ???
??????????????????????
????????, ?????????????
??????????, ?? Stöffler et al.[25]??
??????????????????????
??????????????? S1―S6?S1 ?, 
???????, ????????????, ?
????; S2 ?, ??????????, ???
????????????, ??????, ??
?????; S3?, ????????; S4?, ??
????????? , ????????; S5 ? , 
??????????, ???????????; 
S6 ?, ???????????????????, 
?????????????????? 
?? 10 ????????????????
???????????? S1?S2 ? S3 ?, ??
? 4?S1? 1?, Kumtag014(? 6a), ??????
? , ??? , ????? ; S2 ? 4 ? , ???
AM015?AM020?AM027? Hami004, ?????
?, ?????; S3? 5?, AM007(? 6b)?AM008?
AM011?Hami003? Hami005, ????????? 
5 ???? 
????????????????, ???
???????????????????, ??
?????????, ?????Wlotzka[26]???
??????????????????????
?, ??????????????? W0―W6 ?
7????W0??????????, ?????
?????????W1????????????
????(<20%); W2 ?????????? , ?
20%~60%????; W3 ???????????
???, ? 65%~95%????; W4???????
????????, ??????????; W5?
??????????? , ????????? ; 
W6????????????????? 
10 ????????????????(? 4): 
W1 ? 3 ?, ??? Hami003(? 7a)?Hami004 ?
Kumtag014, ? 3 ??????????????
???, ???<15%; W2? 6?, ??? AM007?
AM008?AM011?AM015?AM020? Hami005, ?
????????????????????, ?
?? 30%~60%????; W3? 1?, AM027(? 7b), 
Fe-Ni ????????????, 90%?????
????? 
6 ? ? 
(1) ?? 10 ???????????????
????????????????-??????, 
?? 2 ? H5 ?: Hami003 ? Hami005; 7 ? L5 ?: 
AM007?AM008?AM011?AM015?AM020?AM027
? Hami004; 1????? L3?: Kumtag014? 
 
? 6 S1? S3???????? 
Fig.6 Micrographs showing the shock metamorphic features of S1 and S3 meterorites from Hami, Xinjiang 
??????(a)Kumtag014(S1), ???????, ????(b)AM007(S3), ???????? 
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? 7 W1?? W3?????? 
Fig.7 Micrographs showing the weathering scales of W1 and W3 meteorites from Hami, Xinjiang 
??????, ??? Fe-Ni??????????, ???????(a)Hami003(W1), ?????????????????; (b)AM027(W3), 
?????, ????>90% 
 
(2) ??? L3 ?, Kumtag014 ??????
L3.4? 
(3) 10 ????????????: 5 ? S3 ?
(AM007?AM008?AM011?Hami003? Hami005); 4
? S2 ?(AM015?AM020?AM027 ? Hami004); 1
? S1?(Kumtag014)? 
(4) 10 ??????????????? 3 ?
W1?(Hami003?Hami004? Kumtag014); 6? W2
?(AM007?AM008?AM011?AM015?AM020 ?
Hami005); 1? W3?(AM027)? 
??????????????????? , 
????????????????, ?????
?????????????, ????????
?????????????, ????????
??????????? , ????????? , 
?????????, ????????????
???? 
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